The capabilities of a microwave imaging system working in air using two crossed linear arrays are described. The analytic expressions of the focusing procedures are derived, resolution and available volume of reconstruction are discussed. Finally, some experimental images corresponding to two dielectric objects are also shown.
Fig. 1
Measurement geometry for two crossed arrays of 64 elements each, with their centres separated by 16 X other N forming an orthogonal linear receiver array separated by a distance z m . In this probe arrangement the separation between elements is chosen to be A/2. An N x N sample matrix, called a conical hologram, is obtained as follows: for every transmitting element selected, the receiver array is scanned obtaining an iV-sample row, the procedure being repeated for the N elements of the transmitter array. In this way, we are not using physically phased arrays; however, their current distributions are afterwards synthesised by numerical processing of the obtained information.
It is well known that the illumination of an object induces an equivalent electric current distribution, J eq (x 0 , y 0 , z 0 ), as described in the compensation principle [4] : this distribution forms the electromagnetic image we are interested in recovering. The reconstruction algorithm forms every image points by means of the synthesis of two focused arrays, i.e. all the elements of both arrays are weighted so as to be focused over an unique object point. This is achieved by numerical treatment of the unweighted hologram samples.
The focusing operator can be obtained by inverting the expression of the field created by a current line. Let us take the vertical array of Fig. 1 ; suppose that each element is a magnetic probe (e.g. a dielectric loaded open waveguide) so that we can consider the array as a magnetic current line:
The fields created at a generic point r, can be obtained using a spectral formulation of plane and cylindrical waves [5, 6] , or in a more classical way by means of a vector potential F, that satisfies the wave equation
where e is the permittivity and k = 2TT/A the wavenumber. where H (2) is the Hankel function of the second kind and nth-order, p 2 the distance from the field point to the current line, as shown in Fig. 1 For the horizontal receiver array, proceeding in the same way, we obtain similar expressions. A numerical simultaneous focusing of both arrays over a common point allows to the image point to be obtained:
X e -J k **o e -Jk,yo ŵ here H m (x', y') corresponds to the N x N sample matrix of the magnetic field scattered by the object, and FT xy . is the 2-dimensional generalisation of the Fourier Transforms defined in eqn. 4.
Numerical simulations
The previous formulation has been applied to the case of two crossed arrays of N = 64 antennas each, with a minimum distance between them z m = 16 A. Simulations have been used to obtain the system impulse response and resolution. We can see, in Fig. 2 , the slice y = 0 of The resolution is the same in either the x-or y-direction (A/2) whereas it is 3A/2 in the z-direction. Simulations of point-like objects located at points other than the middle of the geometry have shown that the impulse response changes with position, becoming worse as the object moves away from the centre of the geometry. This fact suggests that the available volume of reconstruction should be restricted to a prism of size 10 A x 20 A x 20 X as shown in Fig. 3 . 
Experimental results
The geometry of Fig. 1 has been implemented as illustrated in Fig. 4 , the field distribution is obtained by mechanically moving two open waveguides with a system controlled by an IEEE-488 bus. A phase-locked sweep oscillator at 12.5 GHz, followed by a 1 W power amplifier, is used as signal generator and an automatic (x', y') corresponding to a glass (e r = 6) Erlenmeyer flask; it was 7 X high and it is sketched in the same Figure. Erlenmeyer flask
Fig. 6
Reconstruction of the three letter arrangement network analyser as receiver, permitting a 60 dB dynamic range with a good phase stability to be obtained. The scattered field distribution HJx', y') is numerically obtained as the difference between the incident (noobject) and the diffracted field. The incident field measurement is used for system calibration and probe compensation. In Fig. 5 we represent the modulus of the field scattered by a 3-letter arrangement. Each of them has been cut out from a Teflon sheet (e r = 2.1) and is 5 X high. Fig. 6 arises as the result of the application of expr. 9. The reconstruction procedure has not only been 
Conclusions
The quality of the first images obtained with this holographic process shows the possibilities of the proposed method. Obviously, more accurate studies would be necessary to consider a multiview multifrequency realtime set-up, to extract some sort of information from the remaining polarisation or to know the effect of a generic element radiation pattern. Antennas & Propag., 1987, 134, (2), pp. 156-162 In Fig. 3 
